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«OeiiepajibHbiii HHCTHxyr 

npOMblUlJieHHOH C06CTBeHH0CTH 
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OeAepanbHoii cjiywebi no uHTejijieicryajibHOH 
coCcTBeHHOCTH, nareHTaM h TosapHUM 3HaKaM» 

(ory oHnc) 

EepeMCKOBCKaH uaB., 30, Kopn. 1, MocKsa, r-S9, rcn-5, 123995 
Tejie(|>OH 240- 60- 15. TejicKC II4818 UOH. iPaKC 234- 30- 58 



<De;iepajibHbiH HHCTinyr npoMBiuiJieHHOH co6cTBeHHocTH (aanee - HHcxHiyr) HacxoamHM 
y^IocTOBepaer, hto npHJioaceHHbie MaxepHajiti aBjiaioTca tohhbim BocnpoHSBeAeHHeM 
nepaoHaHajibHoro smBjienm, onncaHHa, (J)opMyjii.i, pe4)epaTa h Hepxeacefi (ecjiH HMeioTCJi) 
MejicziyHapoOTOH aaasKH PCT/RU2003/00339, no^aHHOH b HncxHiyx ksk b nojiynaiomee 
BeflOMcxBo B cooTBexcTBHH c ^loFOBopoM o naxeHXHOH Koo^epa^HH 29 Hiojw 2003 rofla 
(29.07.2003). 



Ham No 20/12-259 



Maa 2006 r. 



CnPABKA 



H.O. saseAyiomero OTjriejiOM 20 



T.O.BjiaAHMHposa 



mm /yifl nojiynaioiiiero BeAOMCiea 

PCX 

3AflBJIEHHE 

Hn>Keno;inHcaBiiiHHCfl 
npocHT paccMaxpHBaTb HacToamyio Me>Ki^yHapo;iHyK) 

SaUBKy B COOTBerCTBHH C ^OrOBOpOM O naTCHTHOM 

KoonepauHH 



SahoJiHjieTCA. noJiynaiomHM BeflOMCTBow 

PCT/RU 0 3/ 0 0 3 3 9 

HoMep MeatjyHapojHofi saHBKH 



29 jmjm 2003 (29.07.2003) 

flara MexcAyHapoAHoi) iioiiaHH 

RO/RU 



Hbhmj 
«Me: 




ExnyHAPoaHAa sahbka pct 



Jfe iiejia sasBHTeju) mjih aneHta 
(no oicejtaHuto) (mokcumym l23HaKoe) ZZ446 



rpa*al HA3BAHHEH30BPETEHHa A Method for Efficient Variable 

Length Decoding 



rpaijja II 3A^BHTEJII> 



I j flaHHoe jiHuo aanaeTca xaxKe H3o6peTaTe^eM 



H M Ji H aapec : ( (l>aAmtuft yKOShtMema nvped umcmcm, dnn topudu**ecKozo Jtutia - nojinoe ycmaenoe HouueHoeo- 
hwc. A<}pcc dmjfCtiH hK-itowmh nosmoehtii undCKC u najeiiHue cmpoHht. EcAU cocydapcmeo Mecmojtcumejthcmed 
Y'ttioy He 6ydcm yxosafto. mo ma*:oehi*i fiydem cHumamhcsi cmpaua yKeaoMuozo e doHMoU epatpc adpeca) 

ZAKRYTOE AKTSIONERNOE OBSCHESTVO INTEL 
RU, 125252, Moscow, Sokol-10^ 
Business Center, Chapaevsky per. , 14 



Te;ie(j)OH Ko 



Tejie4)aKC JVs 



TcjicnpHHTcp J^o 



PeracTpauHOHHulf Ks 
saflBMTejui B Be;ipMCTBe 



rocyjjapcTBO (m.e. cmpana) rpa^KflaHCTBa: 



RU 



rocyjiapcTBOf' m.e, cmpana) MccToacHTCJifcCTBa: 



RU 



paHHoe JiHUO jiBJMieTCii J I Bcex yKasaHHbix bccx yxasaHHBix j 1 

laaflBHTCJicM itna: I ' rocy;iapcTB ' ' rocy;iapcTB, KpoMe CLUA • 1 



TOJIbKO 



CILLA I j rocyjiapcTB, yKaaaHHUX b 
' AonojiHHTejibHOH rpa4)e 



rpa4>a III JQlPyrHE 3AiIBHTEJIH WViJm {JSpyVVfE) H30BPETATEJIH 



|Mm>I M. mpCO.f^Pamtiua yKOShieaemat neped umchcm, dm topuduHeamt Muya - noAHoe ycmoenoi: McmMCHftea- 
htue. Afipec tkxuHvti nK^HiHomt. nffittuMnau uHt)cKC u Hoseatnie cmprnthi, Ecxu zocydapcmoo Mecmojtcumcjiwcmfia 
|»/rvj>- HK ftyOam yKa30fttK mo maKneuM ftyrkrtn cuvmanthcft cmpaoia yKa3aMM<JCO a doHHou rpatfte adpeca) 

PISAREVSKY Vadim 
RU, 6 0395 0, Nizhny Novgorod, 
Turgenev st., 3 0 



iFocyiiapcTBO (m.e. cmpana) rpa>KiiaHCTBa: 



RU 



ilaHHoe jjHuo flBJixercA i 1 

^aasBHTejieM nna: | | 



I j TojibKo aaaBHTcjicM: 

I ^ j 3aaBHTCJieM H H3o6peTaTejieM 

□ TOJibKO H3o6peTaTejieM (ecjiu omMe^en 
9mom 6oKc, mo Huotce janojiHsimh 
He mpeOyemcji) 



PerHcrpauHOHHUH 
sa^iBHTeju B BeiiOMCTBe 



FocyiiapcTBO^ m.e. cmpoHo) MecroTKHrejibCTBa: 



RU 



Bcex yKaaaHHUx 
rocyjiapcTB 



□ 



Bcex yxaaaHHbix 
rocyiiapcTB, KpoMc CLUA 



TOJIbKO ClilA 



□ 



rocyiiapcTB, yKaaaimtix b 



j x[ flPy^ne 3aflBHTejiM m/hjim Upyrwe) M3o6peTaTejiiH HaaBanw Ha jihctc npoAOJi^CHiw 


rpa<})a IV AFEHT MJIH OEmUfl nPEflCTABHTEJIb; HJIH AJIPEC JUISi nEPEnHCKM 


y KaaanHoe HH»ce jihuo HacroaiUHM Ha3HaHacTC5i (HasHaMCHo) npc;icTaBJi5iTb , , arcHxa o6mero 

HHTepecbi 3aflBHTejiji(eM) b KOMnercHTHbix McauiyHapojaHbix opraHax b KaHecTBc: LJ npe^xcraaMTejifl 


y\Mf\ M aapec. (0aMUJtwi yKaabieaemcsi neped umchcm, djut lopuduyecKozo jiuya - nojtMoe ycmaenoe 
nauMeHoeoHue. Adpec dojiDtcen etcawyamb noumoebiu uMdexc u HoseaMue cmpoHbi) 

OBSCHESTVO S OGRANICHENNOI OTVETSTVENNOSTJU 
"SOJUZPATENT" 

RU, 103735, Moscow, ul. Iliinka, 5/2 


Tejied)OH Ns 

925-16-61 


Tcjie^aKcXsHO Jl y M E H 0 
^ 924-95-40 


TenenffMHTep{>fs^'J yUVit iliuj 


PerHcrpauHo%»jf.®TJi"'*20' 

arcHTa b BeiioMcxBe 


1 1 Aflpcc fljifl nepeoHCKH: noMexHTb 3tot 6okc, ccjih areHT hjih oGiumh npe^icTaBHTCJib He HaaiiaHaiOTCJi (ne HasHaMCHw) a 
\ 1 yxaaaHHWH Bwuie aapec McnoJiwyercfl tojii>ko KaK cneuMa/ibHuii a^pcc Anst nepenHCKW 



Cm, noncHCHUH k dnanKy 3aRejieHiin 



JIhct 2 



PCT/RU 0 3 / 0 0 3 3 9 



rpacjialJI ^IPyrME 3AflBHTEJIM M>HJm CapyPME) M30BPETATEJIM 1 

Ecju Hu odna U3 cjiedyroufivc nodepacf) h€ ucnojibsyemcjt, smom jtucm He eKniOHaemcfi 6 aoMejteHue 


Hm^Z M ajipCC:fttfauuiuMyK03hi/facmct.tvpeduhtc*iL\i. d.vi lopuduHeCKOCo jiuya - nawoe ycmaeMoe HOuwHoea' 
nutf. Adpec thMJitvH HKMo^tamh no*imonhni uhOckc v hSJeoHue cmpoHhi, Ecnu cocydapcmeo MccmnoicumefihcmM 
*:nvr/ Hc f}yrh:m yxajonn. mo moKtwhtM mrvm cuumanhOi cmpana yKOJOHHor.o s dauHou .^pa^e adpeco) 

Li xl 1_« J_i ^ \J V O X. U -L 

RU, 603950, Nizhny Novgorod, 
Turgenev st., 30 


AaHHoe iiHuo JiBiiaercs: ] 
j j TOJifaKO 3a;iBHTe.ieM: 1 

j ^ j SaflBHTC/lCM M H3o6pcTaTe/ieM 1 

1 1 TOJibKo MaoGpeTareneM (ecnu or-.ueueH [ 

i 1 3mom 6oKC, mo nuofce aano/tHjirrjy 1 

He mpedyemcji) 1 


PerHcrpauHOHHbiM 1 

aa^iBMrejifl b BeiiOMCTBe 


rc>cyiiapcTBO ^i.c. c/n/7a«o/rpa:KiiaHCTB£: 


rocyaapCTBOf" m.e. cmpana) MecTO»CHTCJibCTBa: ] 


XlaKHoe jiHUO flB/i;ieTC5i i — -i Bcex yKassKHbix i 1 Bcex yKaaawHbix i 1 i 

aasBHTCJieM ii.na: | | rocyiiapcTB | | rocyiiapcTB, KpoMe CLLIA { x 1 


OJibKO QUIA j 1 rocvijapcTB, yKa3aHK::>rx a j 

1 1 -aonojiHKTCibHOH rpHi)e 1 



mtc. Adpcc th).n.MfvM Ktctio^omh no**moKhiu vndcKC u MesaOMue cmpoHht. Ectu ^ocydapcmso jnecmojtcvmejihcmea 
;nu3y HC fiyticm ykosaito. mn moKtmhL\$ fni)cm ctumambctt cmpana yKOsaHMCKO e doHNOu cpafpe odpeca) 

IRHIN Alexandr 
RU, 6039 50, Nizhny Novgorod 
Turgenev St., 30 



j j TOilbKO 3aJJBHTC.ieM: 

j"^ 3aflBHTCJieM H H3o6peTaTejieM 

TOJibKO H3o6peTaTeneM (ecjiu omMenen \ 
3mom 6oKC. mo nuotce aanojin^mb 
He mpedyemcn) 



□ 



PerHcrpauMOHHWH 

3aflBHTe;ifl b BeziOMCTBe 



FocviiapCTBO (m.e. cmpoHoJ rpa>KiiaHCTBa: 



RU 



FocyiiapCTBO^ m.e. cmpana) MccTO>KHTejibCTBa: 



RU 



ZlaHHOe JIHUO 51BJ15ieTCfl 



□ 



Bcex yKasaHHbix 
rocyiiapcTB 



nBcex vKasaHHbix i • 

rocyziapcTB, KpoMe CLUA I X | 



TOJibKo cm A 



□ 



rocyiiapcTB, VKaaaHHLrx b 
iionojiHHTejibHOH rpacj)e 



MmJ? H dJXpCC'.(f}iaMuiuji yKashtfiaemcf) r.t:pc<^ iL\tcMc.u. dnx lopudwiecKOCO JiutfO - nonnoe ycmasnoe uauKteHOCo- 
iiuc. Aopcc (hin.jtfcii fSKito^omh no*imeMthiu uiiOkkc u Hcn^»ue cmpanht. Ecvu ^ocydapcmen MecmojHTjme'thcmtiO 
nu3y hc OytK'm vKayauo, ma moKrM:tu.\t Oyih-m cuvmorr.bcs cmpana yKa3aMHOCO b dattHOU rpa(pc adpcca) 

BRATANOV Stanislav 

RU, 603950, Nizhny Novgorod, 

Turgenev st. , 30 



rocyjapcTBO (m.e. cmpana) rpa>K.iaHCTBa: 



/laHHoe jiHuo flBJi5ieTC5i: 
j j TOJibKO 3aiiBMTej)eM: 

j"^^ 3aflBHTeJieM h H3o6peTaTejieM 

TOJibKO H3o5peTaTeJieM (ecjiu om^teueH 
3mom 6oKC, mo Huo*ce aanoAHSimh 
He mpedyemcH) 



□ 



PerMcrpauMOHHbiM 
sa^BHTejifl B BeiiOMCTBe 



rocynapcTBO/^ m.e. cmpana) MCCTO^cHTe^nbCTBa: 



^aHHoe jiMUO ABJiJieTcs i 1 Bcex yKasaHHWX i 1 ecex yKasan 

3aJiBMTej]eM jxix^i: \ | rocviiapcTB | | rocyjiapcTB 


^^^^ TOJibKO CILIA j j rocyiiapcTB, ynasanHbix b 

KpoMe CLUA 1 1 iionojiHHTejibHOH rpa(})e 


MmS H 2Jlpf.C:(f/iaMUiM yi:a7hi*iacmcsi ncpct) uwhcu. d.nsi topuduuccKmo jiuiia • noiHrxf ycma»Hoc HauKichOHO- 
Huc. Aopvv t)ti:.MCH KK-Mouamh nnumtMiMU uHficKC u Hoseanue cmpanhi. Ecjiu cocydapcman MvcmojM-umanhcmeo 
ttnu3y nv 6y*h'nt yKazauo. mn mok'tMihiM Oyiium c*tumambcst cmpana yK-asanHmo s doMHou rparpc adpcca) 


JlaHHoe JIMUO ABJiiieTCJi: 
j" 1 TOJibKO 3aj!BHTejieM: 

j j 3a5iBMTejieM h M3o6peTaTejieM 

1 1 TOJibKO H3o6peTaTeJieM (ecnu omMe^en 

1 1 3mom 6oKC, mo Huotce janoJiH^mb 

He mpedyemcji) 


PerHCTpauHOHHbifi 
3a5iBMTejisi B BeiiOMCTBe 


Pocy/iapcTBO (m.e. cmpana) rpaTKiiaHCTBa: 


FocyiiapcTBO^' m.e. cmpana) MecTOJKMTCJibCTBa: 1 


/InHHoe HMUO flB/iflcicfl 1 1 Bcex vKasaHHMX ■ 1 Bcex yKa3aHHbrx | 1 TOJibKO CLUA i 1 rocyiiapcTB, yKaaanHbrx e 

3aflBMTe/ieMiiJifl: | | rocyiiapcTB | | rocyiiapcTB, KpoMe CLUA | | | | iionojiHHTejibHOM rpa(l)e 



I I ZlpyrHe 3aflBMTejiH m/mjih (iipypHe) H3o6peTaTejiH HaaeaHbi Ha iipyroM jimctc zuia npoiioJi^KeHH^ 



EjiaHK PCT/RO/1 OI(jiHCT iuifl npoAOji»ceHiv])(>lHBapb 2002) 



Cm, TJosiCHeHUfi k 6jtaHky aajieJieHioi 



J1HCT.N9 3- 



PCT/RU 0 3/ 0 0 3 3 9 



Fpa^a V YKASAHHE rOCYflAPCTB TJoMembme nyoKHbie doKct* uujK.e, danDtceH Sttmb omMeieH kok Munu/nyM odvH 6okc 



HacTOSiiiWM flenaKm:* cjieflywwHc yxaiaHHa B coorTBexcTBHH c npaBHJioM 4.9^^ 
PerHOHaflbHwH naxeMT ... 

ra AP nareHTARlPO: GHFaHa. GM raM6H3i, KEKcHHS. l^ JlccoTO, MWMa;iaBH, MZMo3aM6H^ 

SL Ckeppa- JleoHC, SZ Caasimma, TZ O&beaHHeHHaa Pccny6;iHKa TaH3aH»w, UG Yranaa, ZH SaMSHs. ZW 3Kw6a6Be, 
a xaiMce jiK>6oe apyroc rocynapcreo, aBJunomceca AoroBapHsaiomMMai rocyaapcTBOM IlpoTOKona Xapape h PCJ(ecAu 
ucnpamueaemat 'uHOu md axpoHht mu cmamyc, Hanucamb ho nymmupHou auhuu): .". : - 

na EA EBpasMflcKMa nareirr: AM ApMCHiw. AZ A3ep6aJ!flxaH, BY Benapyci., KG KupruscxaH. KZ KaaaxcraH, 
MD Pecny6jiHKa MonaoBa, RU PoccHiicicaJi C)MqjauHji, TJ TanatHKHcraH. TTVI Typ 

iipyroe rocyaapcTBO, sBJWHomeeca floroBapMBaraiuHMCs rpcyfl^>CTBOM EBpasHRcxoii narrcHTHofl xohbchuhh h PCT 

[3 EP EsponeficKHii nareHr: AT ABCTpiw, BE Eejibnu. CH h LI IllBciiuapiM h JlHXTCHinTcaH, CY Kmtp. DE TepMaKKU. 

DK flaHHS, ES HcnaHHJi, Fl «pHHJWHnHa, FR OpaHmui, GB BeajHK66pKTaHiui. GR rpeima, IE HpnaHOiu, IT VinsM, 
LU JliOKceM6ypr, MC MoHaxo. NL HHfflq>aaHflM, PT nopiyraJiHS, SE UlBeuiw, TR TypuHJi, a Taxace nio6oe apyroc 
rocyaapcTBO. sBJiJHomeecji flbroBapMsaioiuMMcj rocyAapcTBOM EBponcHcxoil narrcKiHoii kohbchuhh h PCT, 5/CnOB.eHH 

ni OA naxeHT OAPI: BF EypxHHa 4>aeo, BJ BeHHM, GF UempantHas A(j>pMXaHCKa« pecny6jiHxa, CG 

a'HBvap CM KaMcpyM. GA ra6oH, GN TBHHea, GQ 3KBafropHajii.Haji Tbhhcji.GW rBHHCs-EMcay, ML Ma^^ 

MR MaBpHTaHiw, NE HHrep, SN CeHcran, TD Mao, TG Toro a raxxc ;iK>6oe apyroe rocyaapcTBO, SBjWKJineccs 

MJicHQM OAPl H iloroBapHBaioniHMCa rocyaapcTBOM PCT feaiu ucnpamueaemat uhou eud oxpanbt tutu cmamyc, Hanucqmt, 

Ha riyHKmttpttou Aumai): •— •• • • ~ 

HauHOMaJifcHMB naTeHT (ecuv ucnpcauueaemc* uhou eud axpatibi unu cmamyc. Honucamt, na rvtomupHou auhuu): 
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AE oeteaHHCHHwe Apa6cKMe SMHRana 
AG AHTHrya m Eap6yAia 

AL An5aHHa - ■. — 

AM ApMCHMa • — — " 

AT ABcrpmi -■ 

AU ABCTpaJiwa .- • — 

AZ A3ep6aafl3KaH ^ 

BA BocHHJi H repueroBHHa — 

BB . Bap6ainoc' • 

BG BonrapHa • 

BR Bpa3HJiM« , •"- 

BY Bcjiapycfc 

BZ Bcnna 

CA KaHajia 

CH and LI lUaetiuapHa H JlHxreHiiiTeiiH 

CN Kwrafl •- 

CO KojiyM6Ma 

CR Kocra Pwca 

CU Ky6a. 

CZ Heuicxaa pccny6flMxa 

DE FepMaHHa 

DK ZlaHMsi • 

DM flOMMHHXa 

bZ AnwHp 

EC 3KBanop 

EE 3CTOHHS : • 

ES HcnaHM* 

Fl <DHHJjaHflMa 

GB BejiHKo6pHTaHtM 
GD TpeHana 
GE rpy3Hji 

GH FaHa 



El 
El 



m 



m 

m 
m 



m 
m 



GM raM6iu 

HR XopBaTHA 

HU BeHrpHu — 

ID HHaoHeauA 

IL HapaHJib 

IN Hhaha ; 

IS HCJI^HAHX 

JP ^InoHHn 

KE KeHHfl 

KG KtiprwacraH • 

KP KopeMcxas napojiHO-iicMOKpa- 

THHecka^i pecjiy6jiHKa 

KR PecnySjiHxa Kopex 

KZ Kasaxcran 

LC CCHT-JllOCHfl 

LK lUpH JlaHxa 
LR JiHGepHs 

LS JlecoTO 

LT JlHTsa . 
LU JlioKccM6ypr 

LV JlaTBHA 

MA MapoKKO 

MD Pecny6jiHKa MoJiBoaa 

MG MaaaracKap 

MK EbiBiuan KDrocjiascKajj pecny6- 

jiHKa MaxejioHH)! 

MN MoHrojina 

MW MajiaBM 

MX McKCHxa 

MZ Mo3aM6HK 
NO HbpBcrMJi 



E] 



piVi GxiaH 

NZ Hoaaii Sejianzins.. 

PH OHJiMnnHHu 

PL nojibiua 

PT nopryraJiHa 

Rp PyMUHHfl 

RU. PoccHflcKaa OeiiepauHS 



SD Cyjim 
B S£ lUaeuHJi 
El SG CHHranyp 



Q SK 

B SL 

EI TJ 

S TM 

H TN 

B TR 

EI TT 

B TZ 

El UA 

El UG 

El iJS 



CjlOBaKH51 

Cteppa-JleoHC 

TaAMcMKMcraH 

TypKMCHHcraH 

TyHMC 

TypiiHs 

TpHHHnaa h To6aro 

TaH3aHH51 * 

YkpaHHa 

yranaa 

CoeAHHCHHue lUxanj AMepHKH 



S VJZ ys^KHcraH 

El VN BbCTHaw 

S YU KDrocjiaBHfl 

El ZA lO^Haa A()>pHKa... 

@ ZH 3aM6HA 

g] ZW 3HM6a6Be 
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FpB^B VI 3AiIBJI£Hy]£ HA IIPHOPHTET 



HacTO^uiHM 3aAB7i)icTC5i npHopHTCT ciciiyiomeH npcjuuecTByiomeM 3asBKH(oK) 
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Bbi6op MesKflyHapoiiHoro noHCKOBOro opraHa (ISA) (ecjiu KOMnemeHmHhtMu e nposedenuu MeotcdyHopodHoeo noucKo jisjtjifomc^ dea 
unu 6ojiee MeDtcdyMopodHbix noucxoehix opeana, yKoaantb ehidpattHhtu noucKoebtu opzan; modkiho ucnojtt>3oeamb dey6yKeeHHhiu KodJ: 



ISA/ 



RU 



npocbSa o5 HcnoJibiOBaHMH peayjibTaroB paHce npoBe;ieHHoro noucKa; cckijiKa Ha TaKOii noHcic (ecjiu noucK 6but yotce npoeeden 
unu aanpoiueH y MeotcdynapodHOZo noucKoeozo opzana panee): 
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3a}iBMTejieM, noziaBuiHM npcimiecTByioiuyjo sa^BKy 

I I rpa(|)a VIII (iv) jJeKJiapauHJi o6 aBTopcTBC hb H3o6peTeHHe iinji ucjiew yKa3aHHfl 
CoeiiMHeHHbix LUraTOB AMepHKH 
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rpa^ja IX KOHTPOJlbHWK DEPEHEHb; i]3b]K HOAAHH 


HacT05iuiaii Me*^iiyHapoiiHa3i yastsK^ coiicpMCHT: 

(a) c/ieii>TOuiee kojimhcctbo jimctob Ha 
6yMa;KH0M HOCHTejie: 
3a)iBJieHHe(BKJiK>Ha^ neK.napauHH) 5 
onHcaHHe (MCKiiiOHafl nepeneHb 
nocjie/ioBaTCJibHOCTCM) 1 7 
(|)OpMyjia 5 
pe(|)epaT : 1 
MepTcacH 3 

IlpeilBapHTeJIbHOe HMCJiO .lltCTOB 21 

nacTb onHcaHHx c nepcMHeM nocjie- 
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Hucjio Jiucmoe, npedcmaejienHbix Ha 

dyMOOiCHOM Hocumejie, nesaeucuMO 

om npedcmaoJieHUfi g MawuHOuumaeMOu 
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HJiH jipyroro 6HOJiorHHecKoro MarepHajia 

9. []] nepeneHb nocjiciioBaTeJibHocTeH b MaiUHHOHHraeMofi 
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A Method for Efficient Variable Length Decoding 

A portion of the disclosure of this patent document contains nnaterial that 
is subject to copyright protection. The copyright owner has no objection to the 
facsimile reproduction by anyone of the patent document or the patent 
disclosure, as it appears in the Patent and Trademark Office patent file or 
records, but otherwise reserves all copyright rights whatsoever. 

BACKGROUND 

1. FIELD 

The present invention relates generally to decoding of variable-length 
codes, e.g., Huffman codes, and, more specifically, to a new decoding scheme 
based on multiple interconnected lookup tables. 

2. DESCRIPTION 

Entropy coding is a widely used data compression technique that many 
video and audio coding standards are based on. The theoretical basis of 
entropy coding states that a compression effect can be reached when the most 
frequently used data are coded with a fewer number of bits than the number of 
bits denoting the less frequently appearing data. This approach results in coded 
data streams composed of codes having different lengths. 

There are^ a number of methods to form such variable length codes 
(VLC). One popular method uses a prefixed coding in which a code consists of 
a prefix that allows a decoding system to distinguish between different codes, 
and several significant bits representing a particular value (e.g., Huffman 
coding). 

Another method may use postfix coding schemes where variable length bit 
patterns are appended to the significant bits. 

1 
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As most coding standards emplay Huffman codes and provide statically 
pre-coded VLC tables for motion picture coding (e.g., ISO/IEC 11172-2,. 
Moving Pictures Experts Group (MPEG)-1 coding standard: Video; ISO/IEC 
13818-2. MPEG-2 coding. standard: Video; ISO/IEC 14496-2. MPEG-4 coding 
standard: Visual), it is not always true that the most probable data is coded with 
the shortest VLCs. Moreover, the probability distributions for particular video 
streams niay have several peaks which means that there may be several code 
groups comprising VLCs of different lengths that are likely to appear. In this 
case the variable, length decoding methods operating on theoretically predicted 
probability distributions may have lower performance as compared to methods 
that can be adapted to the actual VLC probabilities. 

Therefore, a need exists for the capability to provide high speed 
decoding of variable length codes of different origin, in accordance with the 
actual frequency-to-code length distribution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention will become 
apparent from the following detailed description of the present invention in 
which: 

Figure 1 is a diagram illustrating an exemplary variable length coding; 

Figure 2 is a diagram illustrating relations between bits read from a bit 
stream, a bit set size, and tables containing decoded values, actual code 
length, references to another tables, and validity indicators; and 

Figure 3 is a flow diagram illustrating the variable length decoding 
process in accordance with an embodiment of the present invention. 



DETAILED DESCRIPTION 
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An embodiment of the present invention is a method for efficient 
decoding of variable length codes statically defined by a coding standard for a 
wide range of source data. The static definition implies that the source data 
may differ from the data used to compute statistical information for a particular 
standard, thus, the real probability distributions for variable length codes may 
vary from standard-defined values. According to the disclosed method, special 
data structures (or decoding tables) are created. A bit set size is associated 
with each decoding table. Each decoding table element contains a decoded 
value, actual code length, reference to another table (from the set of created 
tables), and a validity indicator for each bit combination that can be formed 
from the number of bits equal to the bit set size. An active decoding table is 
selected. Then the number of bits equal to the bit set size associated with the 
active decoding table is read from a bit stream. The active decoding table is 
indexed with the actual value of bits read to obtain the decoded value, actual 
code length, reference to another table, and validity indicator. The validity 
indicator is then checked to determine whether the decoded value obtained is 
valid. If the decoded value is indicated to be invalid, the decoding table that is 
referenced by the currently . active table is selected to become active, and the 
decoding process continues. Otherwise, the bit stream is adjusted in 
accordance with the actual code length obtained and the bit set size associated 
with the decoding tables that were active during the decoding. The decoded 
value is then returned. 

The disclosed method provides for the probability variance by enabling 
fast decoding of a VLC group, which is determined to contain the most 
probable codes. Though the determination is performed by means beyond the 
scope of the present invention, one embodiment may adjust the decoding 
tables and their associated bit set size based on the results of said 
determination. 

Reference in the specification to "one embodiment" or "an embodiment" 
of the present invention means that a particular feature, structure or 
characteristic described in connection with the embodiment is included in at 
least one embodiment of the present invention. Thus, the appearances of the 
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phrase, "in one embodiment" appearing in various places throughout the 
specification are not necessarily all referring to the same embodiment. 

Figure 1 is a diagram illustrating an exemplary variable length coding. As 
depicted by Figure 1. a coding scheme represented by table 10 may be 
comprised of several groups of variable length codes; each group assigned a 
probability value. Unlike other variable length decoding methods that assume 
the shortest codes to be the most probable, embodiments of the present 
invention operate on probability code groups rather than individual codes. This 
allows for a variance between standard-defined probability distributions and the 
actual distributions, as they appear, for example, in natural video streams. One 
embodiment of the present invention may form as many code groups as it may 
be necessary to span all probability distribution peaks in a manner that allows 
codes within a pre-defined neighborhood of a peak probability to comprise one 
group. In the example shown in Figure 1, the coding scheme 10 was divided 
into the following code groups: 1-, 3-, and 4-bit codes 12; 5- and 7-bit codes 14; 
and 8-bit codes 16. 

Figure 2 is a diagram illustrating relations between bits read from a bit 
stream, a bit set size, and tables containing decoded values, actual code 
length, references to another tables, and validity indicators in accordance with 
an embodiment of the present invention. As depicted in the example of Figure 
2, the first four bits of an example code 20 may be read from the bit stream in 
accordance with the bit set size associated with the initial decoding table 22. 
The actual value of the bits read may be used as an index to the decoding 
table. In one embodiment, the bit set size associated with a decoding table 
comprises a maximal number of bits used to index the decoding table. As the 
validity indicator obtained from the indexed entry indicates the decoded value 
to be invalid, the latter may be ignored along with the actual code size. The 
reference obtained from the same entry of the decoding table 22 may be used 
to select the next active table 24 for further decoding. The next three bits of the 
example code 20 may be read from the bit stream as the bit set size associated 
with the decoding table 24 equals 3 (in this example). The actual value of the 
bits read may be used as an index to the decoding table 24, where two entries 
describing the same VLC are reserved, because the actual bits read that 
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contain the VLC being decoded may also have trailing bits irrelevant to the 
current variable length code (one irrelevant bit of smaller font size in this 
example). As the validity indicator obtained from the indexed entry indicates the 
decoded value to be valid, the reference to another table may be ignored, and 
the decoded value and actual VLC size may be returned. 

One skilled in the art will recognize various modifications that can be 
made to particular embodiments while staying within the spirit and scope of the 
present invention. For example, the actual code length stored in decoding 
tables may contain an absolute VLC length or a length relative to the bit set 
size of the currently active table. The validity indicator may be combined with 
the reference to another table as the two fields mutually exclude each other. 
And finally, all decoding table elements may be packed into one machine word 
if their size allows it. 

Figure 3 is a flow diagram illustrating the variable length decoding 
process in accordance with an embodiment of the present invention. 

At block 100. a set of decoding tables may be created. The tables 
should comply with the above described requirements regarding probability 
grouping. Then, at block 102, the initial table may be selected. The number of 
bits equal to the bit set size associated with the currently selected table may 
be read from the bit stream at block 104. The actual value of the bits read may 
be used to index the currently active table at block 106 in order to obtain a 
decoded value, actual bit length, reference to another table, and validity 
indicator. Then, at block 108, the validity indicator is checked to determine 
whether the decoded value obtained is valid. If the decoded value is indicated 
to be invalid, the decoding table that is referenced by the currently active table 
is selected to become active at block 114, and the control is passed to block 
104. Otherwise, when the decoded value is indicated to be valid, the bit 
stream is adjusted at block 110 in accordance with the actual code length 
obtained and with the bit set size associated with the decoding tables that 
were active during the decoding, i.e., the trailing bits that are not part of the 
decoded VLC are made accessible for future bit stream operations. The 
decoded value is then returned at block 112. 
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For an exemplary embodiment of the present invention implemented in 
the C and Assembler programming languages, refer to Appendix A. This 
example is non-limiting and one skilled in the art may implement the present 
invention in other programming languages without departing from the scope of 
the claimed invention. 

The techniques described herein are not limited to any particular 
hardware or software configuration; they may find applicability in any computing 
or processing environment. The techniques may be implemented in logic 
embodied in hardware, software, or firmware components, or a combination of 
the above. The techniques may be implemented in programs executing on 
programmable machines such as mobile or stationary computers, personal 
digital assistants, set top boxes, cellular telephones and pagers, and other 
electronic devices, that each include a processor, a storage medium readable 
by the processor (including volatile and non-volatile menriory and/or storage 
elements), at least one input device, and one or more output devices. Program 
code is applied to the data entered using the input device to perform the 
functions described and to generate output Information. The output information 
may be applied to one or more output devices. One of ordinary skill in the art 
may appreciate that the invention can be practiced with various computer 
system configurations, Including multiprocessor systems, minicomputers, 
mainframe computers, and the like. The invention can also be practiced in 
distributed computing environments where tasks may be performed by remote 
processing devices that are linked through a communications network. 

Each program may be implemented in a high level procedural or object 
oriented programming language to communicate with a processing system. 
However, programs may be Implemented In assembly or machine language, if 
desired. In any case, the language may be compiled or interpreted. 

Program instructions may be used to cause a general-purpose or 
special-purpose processing system that is programmed with the instructions to 
perform the operations described herein. Alternatively, the operations may be 
performed by specific hardware components that contain hardwired logic for 
performing the operations, or by any combination of programmed computer 
components and custom hardware components. The methods described 
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herein may be provided as a computer program product that may Include a 
machine readable medium having stored thereon Instructions that may be used 
to program a processing system or other electronic device to perform the 
methods. The term "machine readable medium" used herein shall include any 
medium that is capable of storing or encoding a sequence of Instructions for 
execution by the machine and that cause the machine to perform any one of 
the methods described herein. The term "machine readable medium" shall 
accordingly include, but not be limited to, solid-state memories, optical and 
magnetic disks, and a carrier wave that encodes a data signal. Furthermore, it 
is common in the art to speak of software. In one form or another (e.g., 
program, procedure, process, application, module, logic, and so on) as taking 
an action or causing a result. Such expressions are merely a shorthand way of 
stating the execution of the software by a processing system cause the 
processor to perform an action or produce a result. 

While this invention has been described with reference to illustrative 
embodiments, this description Is not intended to be construed In a limiting 
sense. Various modifications of the illustrative embodiments, as well as other 
embodiments of the invention, which are apparent to persons skilled in the art 
to which the Invention pertains are deemed to lie within the spirit and scope of 
the invention. 
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APPENDIX A 



© 2002 Intel Corporation 
GetVLC function (Assembler) 
InitTable function ( "C") 

Input table ("C") and initial Huffman table (text) 
Bit stream structure ("C") 



Initial Huffman code table 



/* 

Codes Vector differences 



1 


0 


010 


1 


oil 


-1 


0010 


2 


0011 


-2 


00010 


3 


00011 


-3 


0000110 


4 


0000111 


-4 


00001010 


5 


00001011 


-5 


00001000 


6 


00001001 


-6 


00000110 


7 


00000111 


-7 


0000010110 


8 


0000010111 


-8 


0000010100 


9 


0000010101 


-9 


0000010010 


10 


0000010011 


-10 


00000100010 


11 


00000100011 


-1 


00000100000 


12 


00000100001 


-12 


00000011110 


13 


00000011111 


-13 


00000011100 


14 


00000011101 


-14 


00000011010 


15 


00000011011 


-15 


00000011000 


16 


00000011001 


-16 


00000010110 


17 
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00000010111 -17 

00000010103 18 

OOOOOOIOICI -18 

00000010010 19 

00000010011 -19 
OOOOOOIOOCO 20 
OOQOOOIOOCI -20 
*/ 



Packed code/value table containing 
information on prefix length and 
significant bit number 



static const long exTable [ ] = 
{ 

13, /* max bi-s */ 

3, /* total subtables */ 

5, 5, 3, ///3, 5, 5, /* subtable sizes */ 

1, /* 1-bit codes */ 
OxOOOlOOOC, 

0, /* 2-bit codes */ 

2, /* 3-bit codes */ 
0x0002 0001, 0x0003f f f f , 

2, .4-bit codes */ 

0x00020002, 0x0003f f fe, 

2, 5-bit codes */ 

0x00020003, 0x0003ff fd, 

0, /* 6-bit codes */ 



2, 7-bit "codes */ 

0x000 60004 , 0x0 007f f fc, 

6, /* 8-bit codes 
OxOOOaOOOS, OxOOObf f fb, 0x0008000 6, 0x000 9f f fa, 
0x000 60007 , 0x0007f f f 9, 

0, /* 9-bit codes */ 

6, /* 10-bit codes */ 
0x00160008, 0x0017f f f 8, 0x0014 000 9, OxOOlSf f f 7, 
0x00 12 000a, 0x0013f f f 6, 
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28, /* 11- 
Ox0022000b, 
OxOOleOOOc, 
OxOOlaOOOf , 
0x00160011, 
0x00120013, 
OxOOOeOOlS, 
OxOOOa0017, 



bit codes */ 
0xC023f ff5, 
OxCOlff f f3, 
OxCOlbf f f 1, 
0xC017f fef , 
0xC013f fed, 
OxCOOf f feb, 
OxGOObf fe9. 



0x0p20000c, 
OxOOlcOOOe, 
0x00180010, 
0x00140012, 
0x00100014, 

oxooocooie, 

0x00080018, 



0x0021f f f4, 
OxOOldff f2, 
0x0019f f f 0, 
OxOOlSf fee, 
OxOOllf fee, 
OxOOOdf fea, 
0x0009f fe8. 



12, /* 12-bit codes */ 

OxOOOeOOie, 0x000fffe7, OxOOOcOOla, 0x000dffe6, 

OxOOOaOOlb, 0x000bffe5, 0x0008001c, 0x0009ffe4, 

OxOOOSOOld, 0x0007ffe3, 0x0004001e, 0x0005ffe2, 

4, /* 13-bit codes */ 
OxOOGSOOlf, 0x0007ffel, 0x00040020, OxOOOSffeO, 
-1 /* end of table */ 
}; 



Bit Stream structures 



typedef struct _MplDataBuf 
{ 

unsigned char *data; 
long data_len; 
long data_of f set ; 

} MplDataBuf; 

typedef struct _MplBit3tream 
{ 

long bit_ptr; 
(31-0) 

MplDataBuf *data_buf; 
its size 

unsigned long *start_data; 
pointers 

unsigned long *end_data; 

unsigned long *current_data; 



FILE 



^fd; 



// Buffer bit pointer 



// Pointer to data and 



// Internal bitsream 



// Input or output 



file 



jmp_buf exit_point; 
handle incorrect vie codes 
} MplBitStream; 



// Exit point to 
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# define DATA BUFFER SIZE 



1*1024*1024 



unsicned long bit_mask. [ 33 ] = 
{ 

OxOOOCOOOO, 
CxOOOCOOOl 
OxOOOOOOlf 
OxOOOOOlf f 
OxOOOClf ff 
CxOOOlf f ff 
OxOGlf f f f f 
CxOlf f f ff f 
Oxlff fff f f 

}; 



0x00000003, 
0x0000003f , 
0x000003f f , 
0x00003fff , 
0x0003f f f f , 
0x003f f f f f , 
OxOSff fff f , 
0x3fff ffff , 



0x00000007, 
0x0000007f , 
0x000007ff , 
0x00007fff , 
0x0007f f f f , 
0x007f f f f f , 
0x07f f f f f f , 
0x7ffff fff , 



OxOOOOOOOf , 
OxOOOOOOff , 
OxOOOOOff f , 
OxOOOOfff f , 
OxOOOf f f f f , 
OxOOf f f f f f , 
OxOf f f f f f f , 
Oxf ffff ff f 



Function to form internal VLC table 



typedef unsigned long VLCDecodeTable; 

static VLCDecodeTable* CreateVLCDecodeTable (const long 
*src_table, VLCDecodeTable *table, long *table_size, long 
cyr_size) 

{ 

long i, k, n, m, p, ncodes; 

long max_bits, vlc_flag; 

long table_of f set; 

long max_tables ; 

long tables_bi ts [ 32 ] ; 

long totalbits, filled_bits; 

long vm4_vlc_code_mask, vm4_vlc_data_mask, vm4_vlc_shi f t ; 
max_bits = *src_table++; 

vlc_flag = max_bits & VM4_VLC_LEN_FLAG; 
max_bits = max_bits & VM4_VLC_LEN; 

max_tables = * src_table++ ; 
totalbits = 0; 

for(i = 0; i < inax_tables ; i++) 
{ 

tables_bits [i] = *src_table++; 
totalbits += tables_bits [i] ; 

} 

if (totalbits != max_bits) return 0; 

table_offset = (1 « (tables_bits [0] + 1)) + 1; 
assert (table_off set + cyr_size < VLC_STORAGE_SIZE) ; 

11 
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table [0] = tables_bits [0] ; 

sv/itch ( vlc_f lag) 

{ 

case VM4_VLC_20: 

vrr:4_vlc_code_mask = OxfffffOOO; 

viT:4_vlc_data_mask = OxOOOOOfff; 

vm4_vlc_shif t = 12; 

breaks- 
case VM4_VLC_2 4: 

vn-.4_vlc_code_mask = OxffffffOO; 

viT:4_vlc_data_mask = OxOOOOOOff; 

viT!4_vlc_shif t = 8; 

breaks- 
default : 

vm4_vlc_code_mask = OxffffOOOO; 
vrr:4_vlc_data_mask = OxOOOOffff; 
vrr54_vlc_shif t = 16; 

break; 

} 

for(k = 1; k <= tables_bits [ 0 ] ; k++) 

/ 

long shift = tables_bits [ 0 ] - k; 

long fill_code3 = 1 « (shift + 1); 
ncodes = *src_table++; 

fcr(i =0; i < ncodes; i++) 
{ 

long offse-c; 
long data, code; 

code = ( ( ( *src__table) & vm4__vlc_code_mask) 
>>. vm4_vlc_shif t) ; 

data = (signed short) ( (*src_table+-i-) & 
vm4__vlc_data_mask) ; 

assert (data != VM4_VLC_F0RBIDDEN) ; 

offset = (code « (shift + 1) ) + 1; 

for{n =0; n < fill_codes; n += 2) 
{ 

table [offset + n] = k; 

table [offset + n -f 1] = data; 

} 

} 

} 

filled_bits = tables_bits [ 0 ] ; 
m = 1 ; 

while (max_bits > filled_bits) 
{ 

for(k - filled_bits + 1; k <= filled_bits + 
tables_bits [m] ; k++) 

12 
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long shift = filled_bits + tables_bits [ti] 

- k; 

ncodes = *src_table++; 

fcr(i =0; i < ncodes; i++) 
{ 

long offset, idx; 
long data, code; 
long mask, shift_idx; 

code = ( ( (*src_table) & 
vrn4_vlc_code_niask) >> vm4_vlc__shif t ) ; 

data = (signed short) ( (*src_table-^+) & 
vm4_vlc__cata_iriask) ; 

assert (data != VM4_VLC_F0RBIDDEN) ; 

offset = 0; 

shift_idx = 0; 

for(p = 0; p < m; p++) 
{ 

long sbits, ssize; 
shift_idx += tables_bits [p] ; 
sbits = tables_bits [p+1 ] ; 
ssize = (1 « (sbits + 1) ) + 1; 
idx = (((code » (k - shift_idx) ) & 
((1 << tables bits[p]) - 1))«1) 



+ 1; 



VM4 VLC FORBIDDEN) 



table offset; 



VLC STORAGE SIZE) 



if (table [idx+of f set] == 
{ 

table [idx + offset] = 0; 

table [idx + offset + 1] = 

offset = table_of f set ; 

table [table_off set ] = sbits;- 

table__of f set += ssize; 

assert (table_off set + cyr__size < 



} 

else 
{ 

offset = table [idx+of fset+1] ; 

} 

} 

mask = (1<< (k-shift_idx) ) -1; 
code = code & mask; 

offset += ( (codes ( (l«tables_bits [m] ) - 
1) ) << (shif t-f 1) ) +1; 

13 
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for(n = 0; n < ( 1« ( tables_bits [m] - 
k+f illed_r;its-Kl) ) ; n 2) 

{ 

assert ( (table [of f set + n] == 
VM4_VLC_F0RBIDDEN) && (table [of f set + n + 

1] == VM4__VLC_F0RBIDDEN) ) ; 

table [offset + n] = k - 

f illed_bi-s; 

table [offset + n + 1 ] = data; 

} 

} 

} 

filled__bits += tables_bits [m++] ; 

} 

*table_size = table_of f set ; 
asserz (*src_table == -1); 
return ( VLCDecodeTable* ) table ; 

} 



Function to decode VLC (Assembler) 



. 686 
. xmm 

xmmword textequ <qword> 
mmword textequ <qword> 
.model FLAT 

MplDataBuf struc 4t 

data dd ? 

data_len dd ? 

data_offset dd ? 

MplDataBuf ends 

MplBitStream struc 4t 

bit_ptr dd ? ;;; Buffer bit pointer (31-0) 

data buf dd ? ;;; Pointer to data and its size 

start_data dd ? ; ; ; Internal bitsream pointers 

end_data dd ? 

current_data dd ? 

fd dd ? ; ; ; Input or output file 

exit_point dd ? ;;; Exit point to handle 

incorrect vie codes 

14 



PCT/RU 03/00339 



MplBitStream ends 

_TEXT segment 

ext rr. _long jmp : near 

; ; ; unsigned Icng asmbsGetVLC (MplBitStream *bsm, const: 
VLCDecodeTable ^vlcTable) 

_asmbsGetVLC proc near 
sizeof_locals equ 14h 
ws equ esp - 04h 

bsm equ dword ptr [eax + 04h] 
table equ dword ptr [eax + 08h] 

mov eax, esp 

sub esp, sizeof_locals 

and esp, Of fffff fOh 

push eax 

mov [ ws ] , esi 

mov [ws ^ 04h],edi 

mov [ws ^ 08h],ecx 

mov [ws ^ Och],ebx 

mov [ws 10h],ebp 

mov esi, bsm 

mov edi , table 

sub ebp,ebp ;;; ebp == val 

do_while_loop : 

mov ebx, MplBitStream. current_data [esi] 
mov eax, [ ebx] 

mov edx, [ebx + 4] ;;; eaxredx = bitstream data 

mov ebx, [edi + ebp * 4] 

mov ecx, MplBitS tream . bit_ptr [esi] 

sub ecx, ebx 

js negative_ptr ;;; not taken 

positive_ptr : 

mov MplBitStream .bit_ptr [esi] , ecx 

inc ecx 

shr eax,cl 

and eax, bit_mas]c [ebx * 4] ;;; eax = data 

decode : 

lea eax, [eax * 2 + ebp + 1] ;;; eax = pos 

mov ebp, [edi + eax * 4 -f 4 ] ;;; ebp = val 

mov ecx, ebx 

sub ecx, [edi + eax * 4] ;;; ecx = unget_bits 

sub ebx, ecx 
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jz do_while__loop 



taken 



cmp ebp, 7defh 

jz error_handler 

mov eax,ebp 



;;; if code len == 0 ;;; 



; ; ; not taken 



mov ebx, MplBitStream . bit_ptr [esi] 
add ebx.ecx 
test ebx, 60h 
jnz unget_more 



almost ex: 


it: 




mov 


iyiplBitStream.bit_ptr [esi] , ebx 


exit : 






mov 


esi, [ws] 




mov 


edi, [ws + 


04h] 


mov 


ecx, [ws + 


08h] 


mov 


ebx, [ws + 


Och] 


mov 


ebp, [ws + 


lOh] 


mov 


esp, [esp] 




ret 






negative ptr: 




add 


ecx, 20h 




mov 


MplBitStream.bit_ptr [esi] , ecx 


add 


MplBitStream. current data [esi 


lea 


ecx, [ecx + 


ebx - 3fh] 


neg 


ecx 


; ; ; ecx = 31 - 


shld 


eax, edx, cl 




mov 


ecx, 20h 




sub 


ecx , ebx 




shr 


eax, cl 


r } t eax — 


jmp 


decode 


; ; ; taken 



, 04h 

(bitptr' + nbit) 
data 



unget_more : 

sub ebx,20h 

sub MplBitStream. current_data [esi] , 04h 
jmp almost_exit 



error_handler : 
push -1 

lea edx, MplBitStream . exit_point [esi ] 

push edx 

call _longjmp 

; ; ; no return here 

int OOh 



asmbsGetVLC endp 
TEXT ends 
DATA segment 
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bit mask 



DATA 



dd OOOOOOOOh 

dd OOOOOOOlh, 

dd OOOOOOlfh, 

dd OOOOOlffh, 

dd OOOOlfffh, 

dd OOOlffffh, 

dd OOlfffffh, 

dd Olffffffh, 

dd Ifffffffh, 
ends 



00000003h, 
0000003fh, 
000003f fh, 
OOOOSf f fh, 
OOOSffffh, 
003ff f f fh, 
03ffffffh, 
3fff ff ffh. 



OOOOOOOVh, 
0000007fh, 
000007f fh, 
00007f f fh, 
00C7ff ffh, 
00"f f f f fh, 
07f ffff fh, 
7f f ff f f fh. 



OOOOOOOfr. 
OOOOOOf fh 
OOOOOf ffh 
OOOOff f fh 
OOOf f ff fh 
OOf f ff f fh 
Of ffff ffh 
Of ffff f ffh 



end 
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CLAIMS 

What is claimed is: 

1. In a system for decoding variable length codes in a bit stream, a method 
comprising: 

creating a set of data structures; 
selecting an active data structure; 

retrieving a bit set size associated with the active data structure; 
reading a number of bits equal to the bit set size from the bit stream; and 
obtaining, from the active data structure, in accordance with an actual value 
of the bits read from the bit stream, a decoded value, actual code length, 
reference to another data structure, and validity indicator associated with a 
variable length code. 

2. The method of claim 1, wherein selecting the active data structure, 
retrieving the bit set size, reading the number of bits, and obtaining the 
decoded value, actual code length, reference to another data structure, and 
validity indicator are repeated until the decoded value is indicated to be valid. 

3. The method of claim 1, wherein each data structure, from the set of data 
structures, comprises a memory area containing the decoded value, actual 
code length, reference to another data structure, and validity indicator for each 
bit combination that can be formed from the number of bits equal to the bit set 

size. 

4. The method of claim 1, wherein selecting the active data structure 
comprises making one predefined data structure from the set of data structures 
accessible for future operations when the decoding process is initiated. 
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5. The method of claim 1 . wherein selecting the active data structure further 
comprises making a data structure referenced by the data structure that is 
currently in use accessible for future operations. 

6. The method of claim 1, wherein the bit set size associated with the active 
data structure comprises the maximal number of bits used to index the active 
data structure. 

7. The method of claim 1, wherein the reference to another data structure 
comprises enabling further identification and access to a selected data 
structure of the set of data structures. 

8. The method of claim 1 , wherein the validity indicator indicates whether 
the decoded value is valid. 

9. The method of claim 1, further comprising returning excess bits to the bit 
stream when the actual code length is less than the bit set size of all data 
structures referenced during decoding of the variable length code. 

10. The method of claim 9, wherein returning excess bits further comprises 
adjusting a bit stream pointer to allow the bits of the bit stream to be further 
processed on decoding of a next variable length code. 

11. An article comprising: a machine accessible medium having a plurality 
of machine readable instructions, wherein when the instructions are executed 
by a processor, the instructions provide for decoding of variable length codes in 
a bit stream by 

creating a set of data structures; 
selecting an active data structure; 

retrieving a bit set size associated with the active data structure; 
reading a number of bits equal to the bit set size from the bit stream; and 
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obtaining, from the active data structure, in accordance with an actual value 
of the bits read, a decoded value, actual code length, reference to another data 
structure, and validity indicator associated with a variable length code. 

12. The article of claim 11, wherein instructions for selecting the active data 
structure, retrieving the bit set size, reading the number of bits, obtaining the 
decoded value, actual code length, reference to another data structure, and 
validity indicator are repeated until the decoded value is indicated to be valid. 

13. The article of claim 11, wherein each data structure, from the set of data 
structures, comprises a memory area containing the decoded value, actual 
code length, reference to another data structure, and validity indicator for each 
bit combination that can be formed from the number of bits equal to the bit set 
size. 

14. The article of claim 11, wherein instructions for selecting the active .data 
structure comprise instructions for making one predefined data structure from 
the set of data structures accessible for future operations when the decoding 
process is initiated. 

15. The article of claim 11, wherein instructions for selecting the active data 
structure further comprise instructions for making a data structure referenced 
by the data structure that is currently in use accessible for future operations. 

16. The article of claim 11. wherein the bit set size associated with the 
active data structure comprises the maximal number of bits used to index the 
active data structure. 

17. The article of claim 11, wherein the reference to another data structure 
comprises enabling further identification and access to a selected data 
structure of the set of data structures. 
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18. The article of claim 11, wherein the validity indicator indicates whether 
the decoded value is valid. 

19. The article of claim 11, further comprising instructions for returning 
excess bits to the bit stream when the actual code length is less than the bit set 
size of all data structures referenced during decoding of the variable length 
code. 

20. The article of claim 19, wherein instructions for returning excess bits 
further comprise instructions for adjusting a bit stream pointer to allow the bits 
of the bit stream to be further processed on decoding of a next variable length 
code. 

21. A system for decoding variable length prefix codes in a bit stream, 

comprising: 

logic to create a set of data structures; 
logic to select an active data structure; 

logic to retrieve a bit set size associated with the active data structure; 
logic to read a number of bits equal to the bit set size from the bit stream; 
and 

logic to obtain, from the active data structure, in accordance with an actual 
value of the bits read, a decoded value, actual code length, reference to 
another data structure, and validity indicator associated with a variable length 
code. 

22. The system of claim 21, wherein logic to select the active data structure, 
retrieve the bit set size, read the number of bits, obtain the decoded value, 
actual code length, reference to another data structure, and validity indicator is 
activated repeatedly until the decoded value is indicated to be valid. 

23. The system of claim 21. wherein each data structure, from the set of 
data structures, comprises a memory area containing the decoded value, 
actual code length, reference to another data structure, and validity indicator for 
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each bit combination that can be formed from the number of bits equal to the bit 
set size. 

24. The system of claim 21. wherein logic to select the active data structure 
comprises logic to make one predefined data structure from the set of data 
structures accessible for future operations when the decoding process is 
initiated. 

25. The system of claim 21, wherein logic to select the active data structure 
further comprises logic to make a data structure referenced by the data 
structure that is currently in use accessible for future operations. 

26. The system of claim 21, wherein the bit set size associated with the 
active data structure comprises the maximal number oif bits used to index. the 
active data structure. 

27. The system of claim 21 , wherein the reference to another data structure 
comprises means for enabling further identification and access to one data 
structure of the set of data structures. 

28. The system of claim 21, wherein the validity indicator comprises means 
for determining whether the decoded value is valid. 

29. The system of claim 21, further comprising logic to return excess bits to 
the bit stream when the actual code length is less than the bit set size of all 
data structures referenced during decoding of the variable length code. 

30. The system of claim 29, wherein logic to return excess bits further 
comprises logic to adjust a bit stream pointer in a way that allows the bits of the 
bit stream to be further processed on decoding of a next variable length code. 
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ABSTRACT OF THE DISCLOSURE 

Embodiments of the present invention perform efficient decoding of 
variable length codes statically defined by a coding standard for a wide range 
of source data. According to the disclosed method, special data structures 
(decoding tables) are created. A bit set size is associated with each decoding 
table. Each decoding table contains a decoded value, actual code length, 
reference to another table (from the set of created tables), and validity indicator 
for each bit combination that can be formed from the number of bits equal to 
the bit set size. An active decoding table is selected. Then the number of bits 
equal to the bit set size associated with the active decoding table is read from a 
bit stream. The active decoding table is indexed with the actual value of bits 
read to obtain the decoded value, actual code length, reference to another 
table, and validity indicator. The validity indicator is then checked to determine 
whether the decoded value obtained is valid. If the decoded value is indicated 
to be invalid, the decoding table that is referenced by the currently active table 
is selected to become active, and the decoding process continues. Otherwise, 
the bit stream is adjusted in accordance with the actual code length obtained ' 
and the bit set size associated with the decoding tables that were active during 
the decoding. The decoded value is then returned. 
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1-4 BIT CODES 
12 



5-7 BIT CODES 
14 



8- BIT CODES 
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Fig. 1 
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22 



4 bits 



20 



EXAMPLE CODE = 0001 010 
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3 bits 



T/^LEO 

BfT SET SIZE = 4 



ENTRY 0: 



ENTRY 1: 

DECODED VALUE = N/A 

ACTUAL CODE LENGTH = N/A 
REFERENCE = TABLE 1 

VALIDIPK INDICATOR = INVALID 



EMTRY 2: 



TABLE 1 

BIT SET SIZE = 3 



ENTRY 0: 



EISfTRY 1: 



EhTTRY 2: 

DECODED VALUE = VALUE X 
ACTUAL CODE LENGTH = 6 
REFERENCE = N/A 

VALIDITY INDICATOR = VALID 



EHTRY 3; 

DECODED VALUE = VALUE X 
ACTUAL CODE LENGTH = 6 
REFERENCE = N/A 

VALIDITY INDICATOR = VALID 



ENTRY 4: 



Fig. 2 
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CREATE DECODING TABLES 



100 



SELECT INITIALTABLE 



I 



102 



READ THE NUMBER OF BITS = BIT SET SIZE 
ASSOCIATED WITH THE SELECTED TABLE 



104 



106 



INDEX THE SELECTED TABLE WITH THE VALUE OF BITS READ 
TO OBTAIN DECODED VALUE, ACTUAL CODE LENGTH, 
REFERENCE TO ANOTHER TABLE, AND VALIDITY INDICATOR 




NO 



YES 



110 



ADJUST BITSTREAM 



I 



112 



RETURN DECODED VALUE 



SELECT ANOTHER TABLE BY THE REFERENCE 
OBTAINED FROM THE CURRENTLY SELECTED 
TABLE 



114 



Fig. 3 



